In studies of learning using rabbits, there has been standardization of behavioural procedures across laboratories. Less attention has been paid to variation that may arise from genetic differences and/or differences in rearing conditions. The present experiment revealed that acquisition of a conditioned reflex can be affected dramatically by such differences. Specifically, the acquisition of a conditioned reflex in New Zealand White (NZW) rabbits from 3 different suppliers was compared. All rabbits received behavioural training in which a tone or a light signalled an electrotactile stimulation of the trigeminal nerve near the rabbits' right eye. This tactile stimulus reliably elicited an eyeblink. Repeated presentations of the auditory and visual signals followed by the tactile stimulus yielded the acquisition of a conditioned response (CRI, namely closure of the eyelids during the warning period provided by the signal stimuli. Two of the groups showed steady CR acquisition at a rate that matched previous results in other laboratories as well as in the senior author's laboratory. However, the third group of rabbits showed very slow acquisition, and some rabbits failed to show any CR acquisition.
The New Zealand White (NZW) rabbit is the breed of that species (Oryctolagus cuniculus) used most commonly for research (Adams 1987 , Kraus et al. 1984 . Among other things, the NZW rabbit is being used in approximately 2 dozen laboratories in Britain (Yeo & Hardiman 1992) and North America (Gormezano et al. 1987) in behavioural, neural, and psychopharmacological studies of learning (Gabriel 1988) . Although inbred and other highly specified strains of rabbits are available (Goto et al. 1987) , the NZW rabbits used in neurobehavioural research have usually not been inbred, nor have they been defined microbiologically or Correspondence to: Professor E. James Kehoe, School of Psychology. University of New South Wales, Sydney, NSW 2052 , Australia. Telephone: + 61-2-385-3826. Facsimile: +61-2-662-6279. e-mail: j.kehoe@unsw.edu.au Accepted 22 December 1994 genetically. Furthermore, the rearing conditions for the rabbits have not been standardized. Most NZW rabbits used for research in the USA are bought from commercial suppliers, many of whom focus primarily on meat and fur production.
Although the various neurobehavioural laboratories report similar results, it is unknown how much variance in the results may arise from the uncontrolled combination of genetic background and rearing conditions. With this consideration in mind, the present experiment compared learning at a behavioural level in NZW rabbits from 3 different sources. One group of NZW rabbits was supplied by the Animal Breeding and Holding Unit of the University of New South Wales (UNSW). This line of rabbits has been used successfully in the senior Laboratory Animals (1995) 29, 394-399 author's behavioural and pharmacological studies for 17 years (e.g. Cox et a1. in press, Kehoe et ai. 1981 Kehoe et ai. , 1989 Kehoe et ai. , 1993 . The present study was undertaken to determine the suitability of NZW rabbits from 2 new sources. Specifically, one group of rabbits was from a commercially-available line that originated in England and was brought to Australia in 1993. The other group of rabbits was from an outbred line supplied by an Australian commercial breeder.
Methods
As its behavioural method, this experiment used an adaptation of Pavlov's (1927) conditioned reflex procedure. Pavlov's procedure entails the presentation of 2 stimuli to an animal. First, the conditioned stimulus (CS) is usually a relatively innocuous event, for example, the wellknown ringing of a bell. Second, the unconditional stimulus (US) is an event of greater biological significance to the animal, for example, the taste of food. When presented in close succession, the CS acts as a signal for the US. Pavlov's method takes advantage of the innate ability of the US to elicit a set of strong reactions known as unconditioned responses (DRs). In Pavlov's case, he measured salivation elicited by the taste of food. Across repeated CS-US pairings, the CS itself comes to elicit a response that broadly resembles the UR. Literally, the sound of the bell makes the animal's mouth water. This learned response to the CS is called the conditioned response (CR).
In studies with the rabbit, a basic protective reflex, namely the eyeblink, has been the measured response. The CSs are mild auditory or visual stimuli, which themselves do not innately cause an eyeblink. Conversely, the US is a tactile stimulus-either a puff of air to the eye or a low, brief, electrical current delivered to the skin around the eye. These USs elicit a vigorous eyeblink, which is the UR. As is true of Pavlov's preparation, repeated presentation of a CS and US in close succession yields the acquisition of a CR, namely, closure of the eyelids during the 395 warning period provided by the CS in advance of the US.
Subjects
The subjects were 24 New Zealand White rabbits (Oryctolagus cuniculus) divided into 3 groups. The first group contained 7 male rabbits raised under conventional conditions by the UNSW Animal Breeding and Holding Unit located at Prince Henry Hospital, Little Bay, NSW 2036, Australia. They were 70-80 days old and weighed approximately 1.5 kg on arrival. These rabbits were labelled as Group PH. The second group contained 8 female rabbits raised under conventional conditions from Walter Meadows Pty Ltd, P.O. Box 100, Kilmore, Victoria 3764, Australia. These rabbits were 80-90 days old, weighed approximately 2.5 kg, and were labelled as Group KIL. The third group contained 9 male rabbits raised under specific pathogen free conditions (Category 4, Belby 1987) from Combined University Laboratory Animal Services, Little Bay, NSW 2036. These rabbits were the first generation progeny of 2 males and 10 females brought to Australia in 1993 from FroxfieldFarms, Unit 3, King Lane, Froxfield, Near Petersfield, Hampshire GU32 IDR. These rabbits formed Group Frox. They were 80-90 days old and weighed approximately 2.5 kg on arrival. All rabbits were housed in single cages in the School of Psychology's animal colony. They had free access to food and water in their home cages.
Apparatus
The apparatus and recording procedure were patterned after those of Gormezano (1966) . The rabbits were trained in one of 8 sound-attenuating chambers. On the wall of the chamber in front of each subject was a stimulus panel and behind the subject, there was an exhaust fan. A speaker was mounted at the midpoint of the stimulus panel, 8 cm anterior to and 16 cm above the rabbit's head. The speaker provided an auditory CS, which was a 400-ms, 1000-Hz, 89-dB (SPL)tone superimposed on an ambient noise level of 81 dB provided by the exhaust fans. Mounted on the stimulus panel, 4 cm above the speaker was an 8-watt neon houselight. To provide a visual CS, it was £lashed at 20 Hz for 400 ms. The US was a 100-ms, 3-mA, 50-Hz electric stimulation of the trigeminal nerve delivered via 9-mm stainless steel Autoclip wound clips positioned on the skin 10 mm apart and 15 mm posterior to the lateral canthus of the rabbit's right eye. On CS-US trials, the interval between CS onset and US onset was 400 ms.
To measure eyelid closure, a small wire hook was attached to a silk loop sutured to the inner eyelid (the nictitating membrane [NM] ) of one eye. The other end of the hook contained a loop that fitted over the curved end of an L-shaped piano wire crank that operated a photoelectric transducer (Gormezano & Gibbs 1988) . The signal from the transducer was amplified and transmitted to an analogi digital converter installed in a computer (Scandrett & Gormezano 1980 ).
Procedure
All rabbits received one day of preparation, 2 days of recovery, and one day of adaptation. On the preparation day, each rabbit was placed in its restrainer. The hair surrounding the rabbit's right eye was shaved, a small loop of surgical silk (ODD Dynex) was sutured into the outer layer of the NM (proxymetacaine hydrochloride), and an antibiotic ointment was administered (Amacin [neomycin sulfate, polymyxin B sulfate, sulfacetamide sodium, prednisolone] ) (see Patterson and Romano [1987] for a full description of the surgical procedure). On adaptation day, the rabbits were placed in the conditioning apparatus for 60 min, but no substances were injected, nor were any stimuli presented. The rabbits were returned to their home cages for 2 days.
Following adaptation, the rabbits received 10 days of training. To detect any specific sensory differences among breeding groups, 2 different CSs were used. Specifically, each day of training contained 30 pairings of the tone CS with the US (T + ), 30 pairings of the light CS with the US (L+ ) and 2 test presentations of the tone and light, presented simultaneously, but without the US (TL -). The 3 different types of trials were randomly intermingled during the training session. The mean interval between trials was 60 s [± lOs). At the end of each training session, the antibiotic ointment (Amacin) was administered as a prophylactic measure.
Response definition
A CR was defined as any extension of the NM greater than or equal to 0.5 mm that occurred during the CS-US interval (Marshall-Goodell et ai. 1982 , Scandrett & Gormezano, 1980 . The measure of performance was the percentage of trials on each day that contained a CR. Figure 1 shows the course of CR acquisition on the T +, L +, and TL-trials. Specifically, the mean percentage of trials containing a CR is plotted as a function of days of training. Included in Fig. 1 are error bars that show the variance in performance across subjects, which is expressed as one standard error either side of the mean. Within each panel, there is a separate curve showing the performance of Groups PH, KIL, and Frox.
Results
Across training, Groups PH and KIL displayed substantial CR acquisition to both the tone and light stimuli, separately and together. Both groups began responding to the tone and light on Day 2 of training. From Day 5 onwards, both groups responded on approximately 75% of T + trials and 63% of the L + trials. On TL-trials, both groups showed 'summation'. That is, they responded to the compound of the 2 stimuli at a higher level than either the tone or light separately. From Day 5 onward, both groups responded on approximately 93% of the TL -trials.
In contrast to Groups PH and KIL, Group Frox showed very slow acquisition. Group Frox did not begin to respond on T + and L + trials until Day 4. From Day 5 onwards, Group Frox responded on only 24% of T + trials and 18% of L + trials. Some rabbits in Group Frox showed no acquisition of the CR. Among the 9 subjects in Group Frox, 2 subjects never responded to either CS, and 3 subjects responded on less than 12% of the T + and L + trials. Although CR acquisition was slow and variable in Group Frox, responding on TL -trials did show evidence of summation. From Day 5 onwards, Group Frox responded on 44% of TL -trials. The data were analysed using multivariate analysis of variance for repeated measures (O'Brien & Kaiser 1985) . These statistical tests confirmed that Groups PH and KIL showed significantly greater CR acquisition than Group Frox. The tests entailed comparisons between the levels of responding shown in each group averaged across the 10 days of training. Specifically, on T + trials, the average CR percentage for Group PH (61%) and Group KIL (55%) was significantly greater than that of Group Frox (16%), Fs (1,21) = 24.90, 20.59, P<O.Ol. Similarly, on L+ trials, Group PH (47%) and Group KIL (45%) showed significantly greater responding than that of Group Frox (9%), Fs (1,21) = 19.48, 18.52 Ps <0.01. Finally, on TL -trials, Group PH (76%) and Group KIL [72%) showed significantly greater responding than Group Frox (27%), F (1,21) = 27 . 23, 25.50, P<O.Ol. Any apparent differences between Groups PH and KIL in responding were not statistically significant ..
To determine whether the differences between the groups were related to any gross differences in responsiveness, the extension of NM membrane on the first 5 T + trials and first 5 L + trials on Day 1 were examined. Although a CS was present on these trials, no CRs occurred. Thus, the NM extensions represented only the URs to the US. There were significant differences among the groups in their URs, but they were unrelated to the differences in CR acquisition. Specifically, Group KILshowed the largest extension (M = 8.1 mm, SD = 2.6 mm).
The extensions were smaller in Group PH (M = 5.2 mm, SO = 1.9 mm) and Group Frox 1M= 5.0 mm, SD = 2.4 mm}. Statistical comparisons confirmed that Group KIL's responses were significantly greater than that of either Group PH, F (1, 211 = 8.64 P<O.Ol, or Group Frox, F (1,21) = 11.34 P<O.OI. Any apparent difference between Group PH and Group Frox did not even approach significance, F< 1.
Discussion
In some respects, the similarity in the course of CR acquisition in Groups PH and KIL was as impressive as the clear inferiority of Group Frox. Despite the known differences in gender, weight, and age plus the unknown differences in rearing conditions, the CR acquisition curves for Groups PH and KIL overlapped on all 3 types of trials. More importantly, the features of the CR acquisition curves were similar to those obtained in other laboratories around the world, no 2 of which use the same supplier. Nevertheless, the lower level of responding seen in Group Frox demonstrates that there is no guarantee that different lines of NZW rabbits will be behaviourally identical.
Internationally accepted standards of genetic definition, microbial definition, breeding conditions, and housing conditions have facilitated the availability of research animals that are virtually identical from different suppliers and consistent over time. However, the present findings indicate there is no such room for complacency when outbred animals, at least NZW rabbits, are used as the animal model even for something as simple as acquisition of an eyeblink. Hence, when changing the source of supply for the same breed, greater consideration must be given to the possible introduction of unwanted changes in one's experiments.
